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Description 

Field of the Invention 

[0001] The invention relates generally to methods of 
drying by evacuation. In particular, the invention per- 
tains to enhanced vacuum drying using plasma excita- 
tion. 

Background of the Invention 

[0002] Some new commercial systems for sterilizing 
medical instruments and the like utilize low-temperature 
reactive gas plasma to achieve rapid, low-temperature, 
tow-moisture sterilization of medical items. Low-temper- 
ature gas plasma is sometimes described as a reactive 
cloud which may contain ions, electrons, and/or neutral 
atomic particles. This state of matter can be produced 
through the action of electric or magnetic fields, or 
through other external forces such as high-energy par- 
ticle flux. In general, an electric field can be in any fre- 
quency range (An example of a naturally occurring plas- 
ma is the aurora borealis or the northern lights). One 
commercial embodiment of plasma sterilization is the 
STERRAD® Sterilization Process practiced by the as- 
signee of the present application. The STERRAD® 
process is performed in the following manner. The items 
to be sterilized are placed in the sterilization chamber, 
the chamber is closed, and a vacuum is drawn. An aque- 
ous solution of hydrogen peroxide is injected and vapor- 
ized into the chamber so that it surrounds the items to 
be sterilized. After reduction of the pressure in the ster- 
ilization chamber, a low-temperature gas plasma is ini- 
tiated by applying radio frequency energy to create an 
electrical field. In the plasma, the hydrogen peroxide va- 
por is dissociated into reactive species that collide/react 
with and kill microorganisms. After the activated com- 
ponents react with the organisms or with each other, 
they lose their high energy and recombine to form oxy- 
gen, water, and other nontoxic byproducts. The plasma 
is maintained for a sufficient time to achieve sterilization 
and remove residuals. At the completion of the process, 
the RF energy is turned off, the vacuum is released, and 
the chamber is returned to atmospheric pressure by the 
introduction of High Efficiency Particulate - filtered Air 
(HE PA). 

[0003] The above-described sterilization system can 
safely process medical items currently sterilized by eth- 
ylene oxide and steam, with the exception of linens, oth- 
er cellulosic materials, powders, and liquids. Sterilized 
items are ready to be used in a little over an hour after 
starting the sterilizer. The process requires no aeration, 
and there are no toxic residues or emissions. Prepara- 
tion of instruments for sterilization is similar to current 
practices: cleaning the instruments, reassembly, and 
wrapping. The system typically uses non-woven poly- 
propylene wraps, which are commercially available, and 
a special tray and container system. A special adaptor 



placed on long, narrow lumen instruments allows rapid 
sterilization of their channels. A chemical indicator spe- 
cifically formulated for this process is used, as well as a 
specifically designed biological indicator test pack. 

5 [0004] The efficacy of the STERRAD plasma sterili- 
zation system has been demonstrated by: (1) killing a 
broad spectrum of microorganisms; (2) killing highly re- 
sistant bacterial spores in less than one-half of the full 
sterilization exposure cycle; (3) killing highly resistant 

io bacterial spores on 16 different substrates commonly 
used in medical items. Depending upon the particular 
design plasma sterilization systems can therefore pro- 
vide efficient, safe methods for sterilizing medical instru- 
ments and other hospital products. 

15 [0005] For optimum operation, a plasma sterilization 
system such as that described above requires the loads 
that are to be sterilized to be quite dry. However, normal 
hospital practice in the preparation of instruments for 
sterilization often results in levels of water that may be 

20 excessive. The excess water makes it difficult to achieve 
the low-pressure thresholds required to initiate the ster- 
ilization process. To initiate the sterilization process, the 
chamber pressure is preferably reduced to relatively 
low levels, for example approximately 200-700 mTorr. 

25 Since the equilibrium vapor pressure of water is signifi- 
cantly higher than 700 mTorr at room temperature, any 
water in the chamber or load will begin to vaporize dur- 
ing the vacuum phase. The heat of vaporization required 
for the water to vaporize causes the load and any re- 

30 maining water to chill. When enough water has vapor- 
ized, the remaining liquid begins to freeze. Eventually, 
the remaining liquid will completely freeze, which slows 
the rate of vapor generation and retards the attainment 
of the pressure levels required for optimum operation of 

35 the sterilizer. These conditions can cause undesirably 
long sterilization cycles or even cancellation of the ster- 
ilization cycle. To avoid this problem, a method is need- 
ed for preventing or removing any solid water in the vac- 
uum chamber so that the desired pressure may be 

40 quickly achieved for sterilization. 

[0006] Gaseous ion bombardment of surfaces in vac- 
uo, commonly known as sputtering, is often used to re- 
move adsorbed molecular species from surfaces and 
even to remove surface layers of the material itself. Al- 

45 though it is known that noble gas plasma sputtering may 
enhance outgassing in high and ultra high vacuum sys- 
tems, the energy and momentum exchange mecha- 
nisms between the plasma and surface can also lead to 
material damage of the surface as well as emission of 

so the adsorbed species. Clearly, sputtering with the at- 
tendant material damage is unacceptable for a steriliza- 
tion process. 

Summary of the Invention 

55 

[0007] According to the present invention there is pro- 
vided a method which comprises evacuating ambient air 
from a volume surrounding a substrate to a first prede- 
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termined vacuum pressure; generating a residual gas 
plasma within the evacuated volume; and further evac- 
uating the volume surrounding the substrate to a second 
predetermined pressure which is lower than the first pre- 
determined vacuum pressure. 
[0008] The present method can be used for sterilizing 
an object in which the item to be sterilized is first placed 
in a sealed chamber. A vacuum is then applied to the 
chamber. At a first predetermined vacuum pressure, a 
plasma is generated in the chamber. This first plasma 
enhances the drying of the item to be sterilized by trans- 
ferring energy to any ice or water which may be present 
inside the sterilizer, thereby promoting vaporization with 
evacuation. Preferably, the plasma generated at the first 
pressure is terminated after a period of time which is 
proportional to the quantity of wetting agent present. 
The vacuum is further applied to reach a second prede- 
termined vacuum pressure which is lower than the first 
pressure. Finally, a sterilizing gas can be injected into 
the chamber and radio frequency or other energy may 
be applied to generate a plasma with the sterilizing gas. 
After a sufficient time has elapsed for the item to be com- 
pletely sterilized, the chamber is vented to atmospheric 
pressure and the article is removed. 
[0009] The first predetermined vacuum pressure is 
preferably approximately 700 mTorr, and the second 
predetermined level is suitably approximately 300 
mTorr. While the plasma is being generated, the vacuum 
can continue to be drawn until a pressure of approxi- 
mately 300 mTorr has been reached. Alternatively, the 
RF generator may be engaged for a predetermined pe- 
riod of time, after which the RF generator is switched off 
while continuing to evacuate the chamber. When the 
second predetermined level has been reached, a reac- 
tive fluid such as hydrogen peroxide can be introduced 
into the sterilizer. The fluid is allowed to diffuse through- 
out the sterilizer for a number of minutes and then a fur- 
ther vacuum is drawn inside the sterilizer. When a vac- 
uum of approximately 500 mTorr has been reached, the 
RF generator is then energized for a second time. In the 
plasma sterilization apparatus, the RF energy initiates 
a plasma of the remaining air molecules and molecules 
of the sterilizing gas transforming them into a number of 
highly reactive species. These reactive species attack 
any micro organism present in the chamber, inactivating 
them. After the RF generator has been engaged for a 
sufficient time and the sterilization process is complete, 
the RF generator is turned off and the vacuum is vented 
to atmospheric pressure through a suitable filter. 
[0010] By aiding in the removal of water from the ster- 
ilizer, the plasma drying technique of the present inven- 
tion advantageously reduces the time required to draw 
the required vacuum inside the sterilizer during the initial 
phase of the sterilization process. Indeed, if large 
amounts of water are present in the material to be ster- 
ilized, it may not be possible to draw the required vacu- 
um within a reasonable time without using the plasma 
vacuum drying technique of the present invention. Con- 



sequently, the sterilization operation can be conducted 
in a much shorter time than otherwise possible by use 
of the method of the present invention. 
[0011] The present method can also be employed as 
5 a plasma enhanced drying process which is of course 
useful in itself as a low-temperature evacuation dryer 
independent of the sterilization process. In accordance 
with this aspect of the present invention, ambient air in 
the volume surrounding a quantity of condensed mate- 
10 rial is evacuated to promote vaporization. The volume 
is evacuated to a first predetermined vacuum pressure 
which is substantially at or less than the equilibrium va- 
por pressure of the condensed material. Such a con- 
densed material may for example be water or ice but 
is may also be other volatile wetting agents. A residual gas 
plasma is excited in the evacuated volume to advanta- 
geously promote vaporization during evacuation or in- 
termittently with evacuation. The method of plasma en- 
hanced drying according to the present invention is par- 
20 ticularly suited for removing quantities of water that 
would otherwise freeze to form ice, substantially slowing 
conventional evacuation drying methods. 

Brief Description of the Figures 

25 

[0012] Figure 1 is a simplified diagram of a plasma 
sterilization apparatus. 

[0013] Figure 2 is a block diagram of a plasma steri- 
lization process. 
30 [0014] Figure 3 is a vacuum profile of a plasma steri- 
lization process. 

[001 5] Figure 4 is a plot of evacuation characteristics 
for various process loads. 

[0016] Figure 5 is a block diagram of a plasma-en- 
35 hanced vacuum drying process. 

[0017] Figure 6 is a vacuum profile of a plasma-en- 
hanced drying process. 

[0018] Figure 7 is a vacuum profile of a plasma steri- 
lization process using plasma-enhanced vacuum dry- 
40 ing. 

[0019] Figure B is a plot of evacuation performance 
for vacuum drying with and without plasma enhance- 
ment. 

45 Detailed Description of the Preferred Embodiments 

[0020] Referring to the drawings, Figure 1 depicts a 
plasma sterilizer in block diagram form generally at 10. 
The sterilizer 10 and its components and methods of use 
so are described more fully in U.S. Patent 4,756,882, is- 
sued July 12, 1988 and assigned to the assignee of the 
present application. The sterilizer includes a vacuum 
and plasma chamber 1 1 ; a vacuum pump 1 2 connected 
to the electrode 11 by a valve 17; and a source of suit- 
55 able reactive agent 1 3 such as hydrogen peroxide and 
connected to the vacuum chamber 11 by a line having 
a valve 19 therein. The sterilizer 10 also includes an RF 
generator 14 electrically connected to the plasma gen- 
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erator inside the vacuum chamber 11 by a suitable cou- 
pling 18, as well as a HE PA vent 15 connected to the 
vacuum chamber via a line and a valve 41 , A process 
control logic 16, preferably a programmable computer, 
is connected to each of the components which are con- 
nected to the vacuum chamber 11 . The process control 
logic 1 6 directs the operation of each of the components 
connected to the vacuum chamber at the appropriate 
time to effectuate the sterilization operation. 
[0021] The vacuum chamber 11 contains the objects 
to be sterilized and is sufficiently gas-tight to support a 
vacuum of less than 300 mTorr (1 Torr = 133,3 N/m 2 ). 
Inside the chamber 11 is an RF antenna, or electrode 
array 27 to which the RF energy is supplied. In a pre- 
ferred embodiment the electrode is arranged such that 
it istubuler and equidistant from the chamber 11 wall to 
produce a symmetric RF electric field distribution. The 
electrode excites a plasma when an RF potential is ap- 
plied by the RF generator 14 through the RF coupling 
18. The RF coupling 18 may be a coaxial cable or other 
such waveguide capable of transmitting high power RF 
energy without significant impedance loss connected to 
an impedance matching device for the electrode. 
[0022] The vacuum pump 1 2 and connecting valve 1 7 
comprise a conventional arrangement well known in the 
art. The vacuum pump is typically a mechanical vacuum 
pump such as the rotary vane variety, capable of draw- 
ing a vacuum in the dry vacuum chamber 11 of approx- 
imately 300 mTorr or less within approximately 5 min- 
utes of pumping. The valves 17 should have sufficient 
integrity to seal a vacuum of less than 300 mTorr without 
significant leakage. This requirement also applies to the 
other valves 19 and 41 present in the sterilizer. 
[0023] The RF generator 1 4 is a conventional RF os- 
cillator well known in the art, such as for example a solid- 
state or a vacuum tube oscillator with RF power ampli- 
fication. The combination may generate RF energy in a 
frequency range of .1 MHz to 30 MHz and powers rang- 
ing from 50 W to 1 500 W, and preferably a frequency of 
1 3.56 MHz and power .greater than 1 00 W. 
[0024] Operation of the plasma sterilizer 10 without 
the plasma-enhanced drying technique of the present 
invention is described in schematic form in Figures 2 
and 3, which respectively illustrate the sequence of op- 
erations employed by the sterilizer 10 and the corre- 
sponding pressure in chamber 11 as a function of time. 
[0025] After the objects to be sterilized have been 
placed in the vacuum chamber and the chamber has 
been sealed, the process control logic 16 engages the 
vacuum pump 1 2 and valve 1 7 to evacuate the chamber 
to a pressure substantially at or below the equilibrium 
vapor pressure of the wetting agent, in this case water, 
as indicated by step 20. The pressure inside the vacuum 
chamber is tracked by the curve 21 in Figure 3. The 
pressure drop generally follows a non-linear path, often 
accurately described by first-order differential behavior. 
Under such circumstances, water or other such con- 
densed solvent can act as a reservoir for residual vapor, 
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limiting evacuation rate and possibly even base-pres- 
sure. Hence, the time required to attain a desired pres- 
sure is strongly dependent on the amount of water 
present on the objects to be sterilized, as indicated by 

s the evacuation performance curves of Figure 4. Curve 
52 shows the evacuation time for an empty chamber 11 , 
while curves 58, 60 and 62 shows the evacuation per- 
formance for water bearing loads of 500 uJ, 600 |il and 
2500 |xl respectively. In the present exemplary steriliza- 

10 tion process, it is preferable to attain a chamber pres- 
sure of 300 mTorr within a 20 minute evacuation time 
span. Clearly the evacuation and drying time can be- 
come unacceptably long for even typical quantities of 
residual water, as would be encountered in hospital 

f5 cleaning processes. 

[0026] The process of vacuum vaporization causes 
heat transfer between the load, including the condensed 
water, and the portion of water undergoing vaporization 
(i.e. heat of vaporization). Since the load and condensed 

20 water are thermally isolated (e.g. in a vacuum) they cool 
as vaporization occurs during evacuation step 20. Cool- 
ing can cause the remaining water to transition the triple 
point and freeze, thus further slowing the evacuation 
step 20. This frozen water may be removed from the 

25 chamber only by the much slower process of sublima- 
tion, which significantly increases the time required to 
dry the load and evacuate the chamber to the required 
pressure. Consequently, a considerable length of time 
may be required to evacuate chamber 11 during the in- 

30 itial step 20. 

[0027] When a desired vacuum threshold has been 
reached, the reactive sterilization agent 13 is injected 
during step 22. The injection of the sterilization agent 
during step 22 causes the pressure inside the vacuum 

35 chamber to rapidly rise; in the preferred embodiment, 
the pressure may rise to a level of approximately 5000 
mTorr or more, as indicated by the curve 23 in Figure 3. 
The injection phase may take approximately 6 minutes. 
After the sterilization agent is injected into the chamber, 

40 it is allowed to diffuse completely and evenly throughout 
the vacuum chamber during step 24. This step typically 
lasts approximately 45 minutes, at which time the ster- 
ilization agent should be substantially in equilibrium in- 
side the vacuum chamber 11 . 

45 [0028] At the end of the diffusion period, the process 
control logic 1 6 again engages the vacuum pump 1 2 and 
opens the valve 17 to pump down the chamber 11 to a 
vacuum of approximately 500 mTorr during step 26. The 
pressure inside the vacuum chamber rapidly drops to a 

so value of 500 mTorr, as indicated by the curve 25 in Fig- 
ure 3. When the pressure inside the chamber 11 has 
reached 500 mTorr, the process control logic 16 com- 
mands the RF generator 14 to generate an RF signal 
which is transmitted to the plasma generator. This action 

55 causes a gas plasma to be created inside the vacuum 
chamber during step 28. The components of the plasma 
are dissociation species of the reactive agent as well as 
molecules of residual gas remaining in the chamber 11 . 
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[0029] Generating the plasma induces a brief rise in 
pressure, as indicated by the pressure immediately after 
step 28. The plasma generator remains energized for 
approximately 15 minutes during the sterilization step 
30, and the plasma it creates can effectively destroy any 
pathogens present in the vacuum chamber 11 . The ster- 
ilization process is conducted at an approximately con- 
stant pressure of 500 mTorr, as indicated by curve 31 in 
Figure 3. 

[0030] After the sterilization process is complete, the 
chamber 1 1 is vented through the HEPA vent 1 5 during 
the venting step 32. This venting step is indicated by the 
curve 33 in Figure 3. A final vacuum application is un- 
dertaken to flush any remaining sterilizing agent which 
may be present in the chamber. A vacuum of approxi- 
mately 1 Torr is quickly drawn, as indicated by curve 35 
in Figure 3. Following this step, the vacuum chamber is 
again vented to atmospheric pressure through the 
HEPA vent 15, as indicated by the curve 37, and the 
sterilized articles are removed from the chamber. 
[0031] A preferred method of plasma-enhanced dry- 
ing according to the present invention is disclosed in the 
context of the aforementioned sterilization method, and 
described with respect to Figures 5 and 6. It is under- 
stood that in all other respects, the operation of the ster- 
ilizer 10 described above is the same. It is also under- 
stood that the plasma enhanced drying can be applied 
to a wide variety of vacuum applications in addition to 
the plasma sterilization described. 
[0032] After the articles to be sterilized are introduced 
into the chamber 11 and the chamber 11 is sealed, the 
vacuum pump 12 and valve 17 are energized to evacu- 
ate the chamber 11 to a predetermined pressure, in this 
case a pressure of about 700 mTorr, as indicated by step 
40 in Figure 5. The chamber pressure generally be- 
haves as shown by curve 50 of Figure 6. When the de- 
sired pressure has been reached, the process control 
logic 16 transmits a command to the RF generator 14 
to energize the electrode within the chamber 11 , as in- 
dicated by step 42. This action causes a gas plasma to 
be created inside the chamber 11 comprised of residual 
gas species. It will be appreciated that other chamber 
and electrode configurations as well as RF generators 
may render appreciable variation in the pressure range 
over which a plasma may be supported. Moreover, var- 
ious other conditions such as solvent content, process 
time, temperature and equilibrium vapor pressure will 
determine the conditions under which plasma enhance- 
ment is most desirable. In the present embodiments 
herein disclosed the plasma tranfers energy to the con- 
densed water thereby aiding the vaporization process. 
While such energy transfer serves to increase the water 
temperature, it is preferred that the plasma does not 
chemically or physically alter the load surfaces as is 
commonly encountered in a sputtering or plasma chem- 
ical process. Thus, the plasma should preferably have 
average energy and momentum characteristics suffi- 
cient to impart heat energy to the condensed water, 
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while leaving the load surface molecules and molecular 
bonds intact. In the present embodiment, the plasma is 
usually generated when the chamber pressure is ap- 
proximately 700 mTorr, whereas at higher pressures 

s such generation may be limited due to the impedance 
between the chamber 11 and the RF generator 14. Fur- 
thermore, plasma generation at about 700 mTorr sub- 
stantially minimizes the total process time required to 
reach a pre-sterilization pressure of 300 mTorr. 

w [0033] The creation of the residual gas plasma caus- 
es the pressure to rise inside the chamber, indicating 
enhanced vapor generation, as shown by the cusp 52 
of curve section 51 in figure 6. While plasma is being 
generated, the vacuum pump 12 remains engaged to 

15 further evacuate the chamber concurrent with this peri- 
od of enhanced vapor generation as indicated by step 
44. After a period of time, in this case approximately 
5-15 minutes of operation, the plasma generator is 
turned off, step 46, and the evacuation continues during 

20 step 48. In this exemplary embodiment, evacuation con- 
tinues until a pressure of approximately 300 mTorr is at- 
tained. As indicated by a second cusp 53 in curve 51 of 
Figure 6, evacuation proceeds at a higher rate upon 
quenching the residual gas plasma, indicating a re- 

25 duced rate of vaporization. In the present preferred em- 
bodiment the period over which the plasma enhanced 
evacuation 44 operates is determined by a maximum 
desirable evacuation time of 20 minutes to reach a de- 
sired pressure of 300 mTorr. It will be appreciated that 

30 there are many variations in the manner in which the 
plasma-enhanced evacuation 44 is implemented in a 
drying or sterilization process. In the present exemplary 
embodiment, the plasma enhanced evacuation 44 is in- 
itiated at a predetermined pressure and may be terrni- 

35 nated after a period of time or upon reaching a second 
predetermined pressure. A vacuum profile of an entire 
sterilization process utilizing plasma-enhanced drying is 
shown in Figure 7, where process step 20 is replaced 
by process steps 40-48, After the evacuation and drying 

40 process steps 40-48, the remainder of the sterilization 
process is substantially similar to the aforementioned 
sterilization process steps. As indicated in Figure 7, 
plasma-enhanced drying is conveniently incorporated 
into the initial evacuation phase, requiring no additional 

45 material or construction 

[0034] As shown in Figure 4, the plasma-enhanced 
drying technique of the present invention substantially 
decreases the time required for the vacuum pump 1 2 to 
reduce the chamber pressure required for the operation 

so of the sterilizer 10. Performance curves 54 and 56 rep- 
resent the chamber pressure as a function of time during 
evacuation for representative loads with and without a 
plasma-enhanced vacuum drying process respectively. 
Figure 8 is a plot of evacuation performance for evacu- 

55 ation after plasma-enhancement 82 and without plasma 
enhancement 80 as the chamber pressure approaches 
a nominal final pressure of about 300 mTorr. Indeed, as 
shown in Figure 8, the evacuation rate after plasma ex- 
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citation, curve 82, is considerably higher than by vacu- 
um evacuation alone, curve 80. A comparison of these 
data indicates that the performance gain realized 
through use of plasma-enhanced drying is substantial. 
The present invention achieves this result because the 
plasma generated during step 42 transfers energy from 
the RF generator to the liquid present in the chamber. 
The energy transferred to the liquid promotes vaporiza- 
tion and hence speeds the drying process. 
[0035] This gain in performance represents an in- 
crease in the effective pump efficiency during the initial 
evacuation/drying stages 40-48, and results in faster, 
more consistent operation of the sterilizer 10. It has 
been found that plasma-enhanced drying is most useful 
when the time taken by the vacuum pump 12 to reach 
a pressure of 1 Torr during stage 40 is between 5 and 9 
minutes. If this time is less than 5 minutes, the items in 
the chamber are already reasonably dry and plasma- 
enhanced drying may not greatly speed up the drying 
process. If, on the other hand, this time is greater than 
9 minutes, the items in the chamber may be too wet to 
process by the sterilizer as presently constituted. The 
values disclosed herein are valid for the particular con- 
figuration of the current embodiment. However, these 
values may differ substantially to maximize the benefit 
of the invention for other configurations. It has been de- 
termined in practice that application of the plasma for a 
duration of time proportional to the wetness of the ob- 
jects in the chamber results in optimum drying of the ma- 
terials placed therein. However, durations longer than 
15 minutes have been found to decrease the chance of 
reaching the desired pre-sterilization pressure of 300 
mTorr inside the chamber 11 within the desired 20 
minute duration (the maximum time presently allowed 
in a commercial embodiment of the sterilizer 10) of ini- 
tiation of the vacuum pumping step 40. 
[0036] An additional advantage of the present inven- 
tion is that plasma enhanced drying may be applied to 
the full complement of load material types compatible 
with the plasma sterilizing process without perceptible 
physical or chemical damage. Finally, a residual gas or 
other such plasma intended for enhancing vaporization 
can be energetically tailored by varying gas species and 
applied RF power to render an efficient energy transfer 
to a variety of wetting agents. It is particularly advanta- 
geous for applications requiring low temperature vacu- 
um drying, and furthermore is not limited to aqueous 
wetting agents. 

[0037] While the present invention has been de- 
scribed with respect to use in a sterilization system, it 
should, of course, be understood that plasma-enhanced 
vacuum drying can be applied to other systems in which 
it is desirable to improve drying efficiency for objects in 
vacuum. In this regard the invention may be useful as 
simply a dryer if the load to be dried includes at least 
one milliliter of water. 



Claims 

1 . A method which comprises: 

s evacuating ambient air from a volume sur- 

rounding a substrate to a first predetermined 
vacuum pressure; 

generating a residual gas plasma within the 
evacuated volume; and 
10 further evacuating the volume surrounding the 

substrate to a second predetermined pressure 
which is lower than the first predetermined vac- 
uum pressure. 

is 2. The method of claim 1 wherein the first predeter- 
mined pressure in the evacuated volume is approx- 
imately 700 mTorr. 

3. The method of claim 1 or claim 2, wherein the plas- 
20 ma is excited at or below approximately the equilib- 
rium vapour pressure of a vapourisable component 
of the substrate. 

4. The method of any one of claims 1 to 3, wherein the 
2S duration of plasma generation is shorter than 15 

minutes. 

5. The method of any one of claims 1 to 4, wherein the 
substrate is a condensed material and the genera- 

30 tion of the plasma promotes vaporisation of the ma- 
terial. 

6. The method of claims, wherein the duration of plas- 
ma generation is proportional to the quantity of the 

35 condensed material to be vapourised. 

7. The method of any one of claims 1 to 4, wherein the 
substrate is a wet article and wherein the article is 
removed from the volume without introducing any 

40 fluid into the volume other than the fluid which re- 
lieves the vacuum. 

8. The method of claim 7, wherein the plasma is 
quenched when the pressure in the volume is about 

45 600 mTorr. 

9. The method of any one of claims 1 to 4, wherein the 
substrate is an article which includes at least one 
milliliter of water and wherein plasma generation 

50 and evacuation are continued until a desired quan- 
tity of water is removed from the article. 

10. The method of any one of claims 7 to 9, wherein the 
generation of the plasma is continued until the evac- 

55 uation rate increases, as an indication that the arti- 
cle is substantially dry. 



1 1 . The method of any one of claims 1 to 4, wherein the 
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substrate is an article to be sterilised and a sterilis- 
ing gas is introduced into said volume at said sec- 
ond predetermined vacuum pressure. 

12. The method ot claim 11 1 wherein generation of the 
plasma is terminated after a period ot time which is 
proportional to the wetness of the article. 

13. The method of claim 11 or claim 12, wherein said 
second pressure is about 300 mTorr. 

14. The method of any one of claims 11 to 13, including 
generating a second gas plasma containing the 
sterilizing gas. 

15. The method of claim 14, wherein the second gas 
plasma is generated after the gas has permeated 
throughout the volume and the article being steri- 
lized. 

16. The method of claim 14 or claim 15, wherein the 
second gas plasma is generated at a third pressure 
at a level, preferably of about 500 mTorr, between 
the first and second pressures. 



Patentanspruche 

1 . Verfahren, welches die folgenden Schritte umfaBt: 

Evakuieren von Umgebungsluft aus einem Vo- 
lumen, das ein Substrat umgibt, bis zu einem 
ersten vorbestimmten Vakuumdruck, 
Erzeugen eines Restgasplasmas in dem eva- 
kuierten Volumen und 
- weiteres Evakuieren des Volumens, welches 
das Substrat umgibt, bis zu einem zweiten vor- 
bestimmten Druck, welcher geringer als der er- 
ste vorbestimmte Vakuumdruck ist. 

2. Verfahren nach Anspruch 1 , bei dem der erste vor- 
bestimmte Druck in dem evakuierten Volumen un- 
gefahr 700 mTorr betragt. 

3. Verfahren nach Anspruch 1 oder 2, bei dem das 
Plasma ungefahr bei dem Gleichgewichtsdampf- 
druck einer verdampfbaren Komponente des Sub- 
strats oder darunter erregt wird. 

4. Verfahren nach einem der Anspruche 1 bis 3, bei 
dem die Dauer der Plasmaerzeugung kurzer als 1 5 
Minuten ist. 

5. Verfahren nach einem der Anspruche 1 bis 4, bei 
dem das Substrat eine kondensierte Substanz ist 
und das Erzeugen des Plasmas das Verdampfen 
der Substanz fordert. 



6. Verfahren nach Anspruch 5, bei dem die Dauer der 
Plasmaerzeugung proportional zu der Menge der 
zu verdampfenden kondensierten Substanz ist. 

s 7. Verfahren nach einem der Anspruche 1 bis 4, bei 
dem das Substrat ein nasser Artikel ist und bei dem 
der Artikel aus dem Volumen entfemt wird, ohne au- 
Ber dem Fluid, welches das Vakuum verringert, ein 
anderes Fluid in das Volumen einzuleiten. 

10 

8. Verfahren nach Anspruch 7, bei dem das Plasma 
geloscht wird, wenn der Druck in dem Volumen un- 
gefahr 600 mTorr betragt. 

is 9. Verfahren nach einem der Anspruche 1 bis 4, bei 
dem das Substrat ein Artikel ist, der zumindest 1 ml 
Wasser enthalt, und bei dem die Plasmaerzeugung 
und Evakuierung fortgesetzt werden, bis eine ge- 
wunschte Menge an Wasser von dem Artikel ent- 

20 fernt ist. 

10. Verfahren nach einem der Anspruche 7 bis 9, bei 
dem die Erzeugung des Plasmas fortgesetzt wird, 
bis die Evakuierungsrate als Indiz daf Or, daft der Ar- 

25 tikel im wesentlichen trokken ist, wachst. 

11. Verfahren nach einem der Anspruche 1 bis 4, bei 
dem das Substrat ein zu sterilisierender Artikel ist 
und ein sterilisierendes Gas in das Volumen bei 

30 dem zweiten vorbestimmten Vakuumdruck einge- 
leitet wird. 

12. Verfahren nach Anspruch 11, bei dem das Erzeu- 
gen des Plasmas nach einer Zeitdauer beendet 

35 wird, welche proportional zu der Nasse des Artikels 
ist. 

13. Verfahren nach Anspruch 1 1 oder Anspruch 12, bei 
dem der zweite Druck ungefahr 300 mTorr betragt. 

40 

14. Verfahren nach einem der Anspruche 11 bis 13, 
welches das Erzeugen eines zweiten Gasplasmas, 
das sterilisierendes Gas enthalt, umfaBt. 

45 15. Verfahren nach Anspruch 14, bei dem das zweite 
Gasplasma erzeugt wird, nachdem das Gas sich 
uber das Volumen und den Artikel, der sterilisiert 
wird, verteilt hat. 

50 16. Verfahren nach Anspruch 14 oder Anspruch 15, bei 
dem das zweite Gasplasma bei einem dritten Druck 
auf einem Niveau zwischen dem ersten und dem 
zweiten Druck erzeugt wird, vorzugsweise bei un- 
gefahr 500 mTorr. 
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Revendications 

1. Procede qui comprend : 

♦ I'evacuation d'air ambiant d'un volume entou- 
rant un substrat k une premiere pression sous 
vide pr6determinee ; 

♦ la production d'un plasma de gaz residuel k I'in- 
terieur du volume 6vacu6 ; et 

♦ I'evacuation en outre du volume entourant le 
substrat a une deuxieme pression predetermi- 
ne qui est interieure k la premiere pression 
sous vide predeterminee. 

2. Procede selon la revendication 1 , dans lequel la 
premiere pression predetermine dans le volume 
evacue est approximativement de 700 mTorr. 

3. Proc6d6 selon la revendication 1 ou 2, dans lequel 
le plasma est excite a ou en dessous approximati- 
vement de la pression de vapeur d'equilibre d'un 
composant vaporisable du substrat. 

4. Procede selon I'une quelconque des revendications 
1 a 3, dans lequel la duree de production de plasma 
est inferieure k 15 minutes. 

5. Procede selon Tune quelconque des revendications 
1 a 4, dans lequel le substrat est un element con- 
dense et ou la production du plasma favorise la va- 
porisation de I'element. 

6. Procede selon la revendication 5, dans lequel la du- 
ree de la production de plasma est proportionnelle 
a la quantite de I'element condense a vaporiser. 

7. Procede selon I'une quelconque des revendications 
1 a 4, dans lequel le substrat est un article humide 
et dans lequel ('article est retire du volume sans in- 
troduce dans le volume d'autre fluide que le fluide 
qui lib&re le vide. 

8. Procede selon la revendication 7, dans lequel le 
plasma est refroidi rapidement lorsque la pression 
dans le volume est de 600 mTorr environ. 

9. Procede selon I'une quelconque des revendications 
1 a 4, dans lequel le substrat est un article qui com- 
prend au moins un millilitre d'eau et dans lequel la 
production de plasma et I'evacuation continuent 
jusqu'a ce qu'une quantity souhaitee d'eau soit en- 
levee de ('article. 

1 0. Procede selon I'une quelconque des revendications 
7 a 9, dans lequel la production du plasma continue 
jusqu'Si I'augmentation de la Vitesse d'6vacuation 



servant Vindication au fait que I'article est pratique- 
ment sec. 

11. Procede selon Tune quelconque des revendications 
5 1 a 4, dans lequel le substrat est un article k steri- 
liser et ou un gaz sterilisant est introduit dans ledit 
volume k ladite deuxieme pression sous vide pre- 
determine. 

10 12. Proc6d6 selon la revendication 11, dans lequel la 
production du plasma est termin6e aprfcs une pe- 
riode de temps qui est proportionnelle k I'humidite 
de I'article. 

15 13. Procede selon la revendication 11 ou 12, dans le- 
quel ladite deuxieme pression est de 300 mTorr en- 
viron. 

14. Procede selon I'une quelconque des revendications 
20 11 a 13, comprenant la production d'un second 
plasma de gaz contenant le gaz sterilisant. 



15. Procede selon la revendication 14, dans lequel le 
second plasma de gaz est produit une fois que le 

25 gaz a traverse la totality du volume, et que I'article 
est sterilise. 

16. Procede selon la revendication 14 ou 15, dans le- 
quel le second plasma de gaz est produit a un troi- 

30 sieme niveau de pression, de preference de 500 
mTorr environ, compris entre les premiere et 
deuxieme pressions. 
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